INTRODUCTION.
It is generally considered that the genesis of radiculopathy associated with the degenerative conditions of the spine may result from both mechanical compression and circulatory disturbance. 1, 2 However, few studies have looked at changes of neurons within the lumbar cord caused by disturbance of axonal flow and the axon reaction as a result of mechanical compression of the ventral root. The lumbar cord should not be overlooked when considering the mechanism of motor weakness in the legs so it is important to understand the morphologic and functional changes that occur in lumbar motor neurons as a result of nerve root compression. In this study, we employed morphological methods to examine the changes of motor neurons using the nerve root compression model.
MATERALS AND METHODS.
In mongrel dogs, the sixth and seventh lumbar laminae were removed, and the seventh lumbar nerve root was exposed widely on one side under general anesthesia. The nerve root was clamped with a clip for microvascular suturing at the midpoint between the dural sac and dorsal root ganglion. The 7'th nerve root was exposed to compression at 7.5 gram force (gf) clipping power. In the present study, the strength of the spring clips used for nerve root compression was determined with an Instron-type tensile tester.
2 After awakening from the anesthetic, the animals were maintained for 1 week, or 3 weeks and then sacrificed. The animals were fixed by intracardiac perfusion with 4% paraformaldehyde and 1% glutardehyde. After the spinal cord within the 7th lumbar nerve root was harvested, the specimens were examined by either light or electron microscopy. The non-compressed (sham) side was used as a normal control.
The lumbar cord section was divided into 2 groups. At first, the light microscopy specimens were embedded in paraffin and stained with Klüver-Barrera stain to identify changes of Nissl granules in the neurons. 80 serial 10-µm-thick sections from the rostral end of the seventh lumbar segment of the spinal cord were prepared. Every tenth section was stained using the Klüver-Barrera technique and photomicrographs were taken covering the whole ventral horn in each of the stained sections at a magnification x200. Motor neurons were counted in ventral horns ipsilateral and contralateral to the L7 nerve root compression and motor neurons showing central chromatolysis were counted. Cell counts were expressed as a ratio of motor neuron number in spinal cord ventral horn ipsilateral and contralateral to the lesion. Statistical analyses of motor neuron numbers per post-lesion time point were performed using a nonparametric test (Wilcoxon rank-sum test) with SPSS statistical software, version 11.0J (SPSS Inc, Chicago, IL). The other sections were postfixed in 2% OsO4, impregnated with 2% uranyl acetate, dehydrated in graded ethanols, and embedded in epoxy resin. For light microscopy, 1-3µm thick toluidin blue stained sections were used. For electron microscopy, ultrathin sections contrasted with uranyl acetate and lead citrate were examined under an electron microscope.
RESULTS. After 1 and 3 weeks, nerve fiber degeneration was observed not only at the site of compression but also in the peripheral zone of a compressed ventral root. Examination of the neurons in contralateral ventral horn by light microscopy showed that the nucleus was round, light-colored, and centrally located; the nucleolus was distinct; and the striped Nissl granules in the cytoplasm were intensely stained by Klüver-Barrera stain (Fig. 1A) . Light microscopy showed, however, central chromatolysis of ipsilateral motor neurons was evident at 3 weeks postlesion (Fig. 1B) . These changes became more marked and the number of neurons with central chromatolysis was increased significantly after three weeks compression (p<0.01) (Fig 1C) . The transverse section of spinal cord at L7 level shows the apparent loss of motor neurons in ventral horn ipsilateral to the nerve root compression at 1 and 3 weeks postlesion (Fig. 1D) . Electron microscopy showed central chromatolysis of motor neurons in the lumbar cord from 1 week after the start of compression. After 3 weeks, some neurons undergoing apoptosis were seen in the ventral horn (Fig.2). A B C D Fig.1 . Changes of motor neurons after nerve root compression.
Fig.2. Transmission electron micrograph of apoptotic motor neurons
DISCUSSION. Disturbance of axonal flow therefore threatens the survival of neurons and appears to be one cause of neurological dysfunction. In this study, compression of the peripheral branches of motor neurons in the nerve root led to impairment of axonal flow and central chromatolysis in the neurons of the ventral horn, where the peripheral branches of these neurons originated. Chromatolysis is a reactive change of neuronal perikarya to axonal injury. This reaction reflects an alteration in the arrangement and concentration of RNAcontaining material in the cell, leading to changes in protein synthesis of importance for axonal regeneration.
3 It seems likely that sustained mechanical compression of the nerve root could result in irreversible damage to the motor neurons. The morphologic changes that we observed in lumbar motor neurons after mechanical compression of the nerve root therefore reflect the metabolic response to axonal degeneration and regeneration. If the disturbance of axonal flow caused by compression and the resulting central chromatolysis are mild, the neuron can recover fully after compression is relieved. However, it seems likely that sustained mechanical compression of the nerve root could result in irreversible damage to the neurons of the ventral horn, such as apoptosis. Chromotolysis does not necessarily foreshadow neuronal cell death after axotomy, 4 although specific signals during chromatolysis may be required to initiate apoptosis after axotomy.
CONCLUSION.
As clinicians, we often come across patients with cauda equina and nerve root compression due to lumbar disc herniation or lumbar canal stenosis who continue to experience muscle atrophy and weakness long after surgical decompression of the nerve root, particularly patients with a long history of weakness in the lower extremities before surgery. 
